ABSTRACT. A coprological survey was performed at a slaughterhouse in Osaka, Japan, from 2004 to 2007 on 129 pigs reared in 8 prefectures, and on 213 cattle reared in 21 prefectures. Eimeria spp., Trichuris suis, Ascaris suum and Metastrongylus spp. infections were found in 52 (40.3%), 32 (24.8%), 19 (14.7%) and 3 pigs (2.3%), respectively, while Eimeria spp., Capillaria bovis and Trichuris sp. infections were detected in 163 (76.5%), 15 (7.0%) and 8 cattle (3.8%), respectively. Our results suggest that environmentally resistant oocysts and eggs of parasites could be widespread at the farms examined.
Environments for keeping pigs and cattle, which are associated with infectious diseases, have undergone major changes in the past few decades. For example, pigs are now kept confined in pigpens with concrete floors, instead of earth. Transmission of Metastrongylus spp. which cause bronchitis or abscesses in the lungs of the pigs requires an earthworm as an intermediate host, and the infection of pigs as the definitive host depends on contact with infected earthworms inhabiting soil. Thus, pigs now have a lower risk of direct contact with earthworms harboring parasites or soil contaminated with environmentally resistant forms of parasites. Furthermore, drug and vaccine treatments for animals and breeding programs intended to introduce resistance to pathogenic microorganisms, as well as cleaning of sheds with disinfectants, are now performed. However, while the number of pig and cattle farmers in Japan is now decreasing, the number of animals per farmer has tended to increase. The high number of animals per farm is an important factor in the outbreak and persistence of infectious diseases.
It has been recognized that parasites in pigs and cattle cause great economic losses globally in the pork and beef industries and in farming communities, as a consequence of reduced feed conversion and weight gain, or the destruction of affected organs after slaughter [15, 29, 33, 41] . Furthermore, parasitic infections of pigs, such as coccidia including Toxoplasma gondii and Cryptosporidium spp., and Ascaris suum are increasingly attracting attention due to their pathogenic and zoonotic impact. Nevertheless, there is insufficient information about these infections in pigs in Japan, although there have been a few surveys of these parasites [9, 18, 22, 40] . On the other hand, according to Animal Hygiene Weekly (edited by the Animal Health Division of the Bureau of Animal Industry, Ministry of Agriculture, Forestry and Fisheries, Japan), Eimeria infections in cattle have been increasing for a decade, and infections by Trichuris including cases resulting in death, are occasionally reported [17, 36, 37, 39] ; however, in recent years few surveys on these infections in cattle have been reported [38] . Thus, we tried to estimate the prevalence of these intestinal parasites in the pigs and cattle brought to a slaughterhouse by a coproscopic approach.
Fecal samples were collected from the rectums of 129 pigs (of unknown breed), and 213 cattle (78 Japanese Blacks, 112 Japanese Blacks and Holstein crossbreeds, and 23 Holsteins), at the Osaka Municipal Meat Inspection Center from April 2004 to October 2007. The pigs were reared in 8 prefectures on Honshu (main island), and the cattle were kept in 21 prefectures on the 4 major islands of Japan, including Honshu, Hokkaido (northern island), Shikoku (southern island) and Kyushu (western island) ( Tables 1 and  2 ). All the pigs examined were 6 months of age, and the cattle were 17.1 to 37.4 months of age (average: 26.6 months). No animals showed clinical symptoms when fecal samples were collected. Collected fecal samples were stored at 4C until laboratory examination.
Fecal samples were examined by the sugar flotation method as previously reported [26] . Briefly, 1 g of fecal sample was diluted in 9 ml of distilled water and centrifuged at 800  g for 5 min. After centrifugation, 10 ml of sucrose solution with a specific gravity of 1.2 was added to the sediment, followed by centrifugation at 800  g for 5 min. Floated material on the surface of solution was recovered and placed onto a glass slide. The entire smear was examined by light or differential contrast microscopy (E-600, Nikon, Japan) at the magnification of 200  or 400  for the On the coprological examination of cattle, 168 (78.4%) of 213 cattle examined were found to be infected with intestinal parasites, and the infection was observed in the cattle from all examined prefectures ( Isospora suis and Eimeria spp. are known to be highly prevalent coccidia in swine throughout the world. Generally, isosporosis is a serious disease causing diarrhea in suckling piglets [27] , while Eimeria spp. are considered to be less pathogenic, although some species might cause clinical symptoms such as fever, diarrhea, anorexia and weight loss in young pigs [16] . In Japan, Katsuda et al. [21] reported the prevalence of coccidia in piglets, but the isolates were not identified as Eimeria spp. or I. suis.
In the present survey of 6-month-old pigs, I. suis was not detected, and all coccidial oocysts found were Eimeria spp. In other countries, Eimeria spp. were found in 29% of sows in Germany [10] , 6% of sows in Poland [19] and <9% of adult pigs in Finland, Norway and Sweden [34] . In the environment, the time needed for Eimeria spp. oocysts in swine to become infective (sporulation time) is 5-12 days. To date, key factors for Eimeria infections remain unsolved, although it is thought that hygienic status of farms has an impact on infection [19] . In our investigation, pigs examined were widely infected with Eimeria spp. However, a correlation between hygienic status of farms and the prevalence of Eimeria spp. has not been evaluated.
In our survey, eggs of T. suis and A. suum were frequently found in the pig feces. Although it is reported that sever T. suis infection showed serious symptoms, such as anemia, weight loss, anorexia, mucohemorrhagic diarrhea and death [12] . In a previous survey in Japan, Fujiwara et al. [9] reported that the prevalence in pigs which showed clinical symptoms by T. suis infection was <12.8%. The prevalence of T. suis in our survey was higher than the previous report, suggesting that there are many pigs showing no clinical symptoms by the infection of T. suis.
It is reported that while the prevalence of A. suum infections in Japan was 5.2% on average in 2000-2001, the prevalence following the examination of inflammatory reactions in the liver (known as milk spots) caused by A. suum varied from 0.5 to 39.0% [18] . Ascaris in pigs is an important parasite which zoonotic impact must be controlled, as genetic analysis has indicated that pig Ascaris caused human infections [1] , and also in Japan, it has been reported human infection with pig Ascaris [24] . The prevalence found in the present study was higher than that reported previously, suggesting that these infected pigs could shed the eggs having a zoonotic impact.
It has been reported that parasite infections in swine could be affected by the conditions of their pens [9, 18] . In the present study, the prevalence of Metastrongylus infection in the examined pigs was very low, possibly due to concrete floors on which pigs were kept; however, the prevalence of T. suis and A. suum were found to be relatively high, in which T. suis was detected in 15 (78.9%) of 19 pigs infected with A. suum. These findings show that infection by both parasites may be induced by a similar factor. For example, the breeding environment, particularly the sawdust used to cover the floor, could promote the development of infective worms in eggs and play a role in the transmission of these eggs [9, 18] . We have no information on the housing conditions of the examined pigs, and thus detailed epidemiological surveys must be conducted in order to clarify the relationship between factors such as the sawdust in the breeding environment and the prevalence of parasites.
At present, surveys on Cryptosporidium infections in pigs in Japan have been reported [13, 14, 21, 23] , but not on Giardia spp. In these reports, Cryptosporidium spp. were detected in the weaned piglets [13, 21] , but were rarely observed in the pigs imported to slaughterhouses or the 6-month-old pigs [13, 14, 23] . The present results were similar to those of previous reports. The findings show that piglets may have a high susceptibility to Cryptosporidium spp. and excrete numerous oocysts in their feces, but older pigs might eliminate the infection or shed few oocysts, even if they remain infected. Thus, it is necessary to evaluate the Cryptosporidium infections in adult pigs by more sensitive methods, such as immunofluorescent methods or polymerase chain reaction (PCR), as well as by histopathologic examination.
To date, several studies have reported the prevalence of Eimeria infections in cattle in Japan [11, 31, 38] . The prevalence of Eimeria spp. in the present study was similar to other recent reports (71.7% in 2000) [38] . Eimeria infection in cattle may be an important factor affecting animal productivity (particularly in the cases of calves) [5] , and financial losses [8, 30] . In other countries, the prevalence of Eimeria spp. varies with age, and is generally higher in calves under a year of age [7] . For example, 43% of yearlings and 16% of cows at Dutch dairy farms [4] , and 27.23% of calves and 15.65% of cows in Turkey [3] were infected. However, our result showed that the prevalence of Eimeria spp. was very high, although the cattle examined were adults aged 26.6 months on an average.
According to some authors, the prevalence of bovine coccidia is influenced by the factors such as climatic conditions, type of management or hygienic status of farms, crowding factor of cattle groups, stress related to changing groups or inadequate feeding, immunity and other infectious diseases [2, 4, 6, 20, 30, 32, 35] . Cattle in Japan are generally housed in relatively small pens rather than grazed on pasture as seen in other countries. There is, however, no detailed information on the conditions in which the examined cattle were kept. Therefore, further study is needed to evaluate the key factors causing the high prevalence of Eimeria spp. in cattle.
While Trichuris infection in cattle has rare clinical significance, death due to severe infection or infection in combination with other pathogens, such as Eimeria spp., is occasionally reported [17, 36, 37, 39] . In the present study, 7 (87.5%) of 8 cattle infected with Trichuris sp. harbored Eimeria spp. These infected animals showed no clinical symptoms, and could therefore be potential sources of infections. Shirakawa et al. [36] reported that one possible factor for the infection of Trichuris is breeding environment, particularly the presence of sawdust, similarly in pigs.
Our survey shows that environmentally resistant coccidian oocysts or some helminth eggs are widespread on the farms examined, and the parasites in pigs and cattle remain an unresolved problem. These parasites, with the exception of Cryptosporidium spp., are not able to infect hosts immediately after being excreted in feces, and require time to develop into infective forms in moderate environments. It is thought that contaminated materials, such as sawdust or hay, or a lack of careful treatment of feces from infected animals are the reasons for the high prevalence of these parasites.
This work was partly supported by Grants-in-Aid for Scientific Research from the Ministry of Education, Culture, Sports, Science and Technology (to M. M.).
